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Abstract
Background: Idiopathic esophageal dysmotility (ED) is increasingly recognized in
young dogs of brachycephalic breeds. Few studies have objectively associated spe-
cific videofluoroscopic swallowing study (VFSS) features with brachycephaly, leading
to under-recognition of ED in brachycephalic breeds.
Hypothesis/objectives: To describe and compare VFSS in brachycephalic dogs ver-
sus non-brachycephalic dogs presented for dysphagia or regurgitation, and to investi-
gate associations between these imaging findings and patient signalment.
Methods: Retrospective analysis of VFSS of dogs presented for dysphagia or regurgi-
tation (not megaesophagus) from 2006 to 2017. Cases were divided into brachyce-
phalic and mesaticephalic breeds. The VFSS were reviewed using a standardized
protocol by 2 examiners. Esophageal motility was assessed using specific criteria, and
particular imaging features were noted and graded. Fisher's exact test was used to
determine associations among signalment (including brachycephaly), final diagnosis,
outcomes, and ED features.
Results: Thirty-six dogs were included (n = 10 normal, n = 26 presumed ED).
Twenty dogs (77%) with presumed ED were brachycephalic with a median age
of 1 year (range, 0.2-10.5 years). Most common were prolonged esophageal
transit time (ETT; n = 21/26), decreased propagation of secondary peristaltic
waves (n = 20/26), and gastroesophageal reflux (GER; n = 18/28). Eight dogs
(all brachycephalic) had hiatal herniation (HH). Morphological esophageal varia-
tions were only observed in brachycephalic dogs. Brachycephaly was signifi-
cantly associated with ED (P = .005), prolonged ETT (P = .41), GER (P = .02), and
HH (P = .03).
Abbreviations: BOAS, brachycephalic obstructive airway syndrome; ED, esophageal dysmotility; ETT, esophageal transit time; GER, gastroesophageal reflux; GERD, gastroesophageal reflux
disease; GEJ, gastroesophageal junction; GI, gastrointestinal; HH, hiatal herniation; HRE, hyper-regeneratory esophagopathy; LES, lower esophageal sphincter; VFSS, videofluoroscopic barium
swallowing studies.
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Conclusions and Clinical Importance: The majority of dogs with presumed ED was
young and brachycephalic and had specific abnormalities that were less frequent in
mesaticephalic dogs with regurgitation or dysphagia.
K E YWORD S
barium sulfate, brachycephalic obstructive airway syndrome, esophageal dysmotility,
gastroesophageal reflux disease, hiatal hernia
1 | INTRODUCTION
Esophageal motility disorders in dogs are poorly defined and
infrequently reported, largely in part because of limited quantita-
tive and qualitative data on normal esophageal function in this
species. Esophageal dysmotility (ED) has been described as secondary
to congenital or acquired luminal obstruction, esophagitis (often caused
by gastroesophageal reflux [GER]), hiatal herniation (HH), diverticula, or
fistulas.1-6 It can be present in combination with or possibly caused by
idiopathic or immune-mediated conditions such as laryngeal paralysis7
or muscular dystrophy in the bouvier des Flandres.8 There also
are reports of idiopathic or “primary” forms of ED, suspected to be cau-
sed by breed-specific variations, congenital pathology, or familial dis-
ease.3,5,6,9 Disturbed motor function or delayed maturation have been
proposed as possible causes in these dogs.5,9 Imaging findings in dogs
with ED are variable, based on the underlying disease, and include mor-
phological abnormalities such as a redundant esophagus, stenosis, stric-
ture, or diverticula as well as functional abnormalities such as ineffective
peristaltic waves, bolus retention, prolonged transit time, retrograde
esophageal contractions, and GER.1,10
We have noted subjectively an increase in the number of young
brachycephalic dogs presenting for investigation of regurgitation, dys-
phagia, or both without overt megaesophagus, and with and without
overt signs of airway disease. In addition to a high prevalence of
endoscopic gastrointestinal (GI) tract lesions previously reported in
brachycephalic dogs with brachycephalic obstructive airway syndrome
(BOAS),11 delayed esophageal transit time (ETT), GER, HH, and redun-
dant esophagus also have been reported to be associated with these
breeds.6 Sliding HH has been reported previously in several brachyce-
phalic dogs, including the Bulldog, French Bulldog, Pug, Chow Chow,
and Chinese Shar Pei.2,3,6,11-14
Videofluoroscopic barium swallowing studies (VFSS) are considered
the gold standard diagnostic tool for the assessment of esophageal motil-
ity and HH in people15 and in small animals.1,10 Limited information is
available about VFSS in dogs, particularly in brachycephalic breeds, which
is likely a result of limited availability in nonreferral centers and cost.10
When VFSS are performed in conscious dogs in an upright position, nor-
mal airway pressures are maintained which provides a physiologically
accurate representation of swallowing function.16 Videofluoroscopic bar-
ium swallowing studies allow both real-time and post-acquisition evalua-
tion (eg, assessment in slow motion or by individual frames) by multiple
observers, which likely increases diagnostic accuracy.
Our purpose was to analyze VFSS performed at the Hospital for
Small Animals (University of Edinburgh, United Kingdom) to report
the quantitative and qualitative findings in dysphagic dogs, particularly
assessing and comparing features found in brachycephalic versus non-
brachycephalic dogs. Secondary aims were to describe differences in
signalment or presenting complaints as well as potentially specific
fluoroscopic features of presumed ED in brachycephalic dogs, to com-
pare these with previous studies,6,17,18 and to describe any concurrent
diseases and clinical outcomes.
2 | MATERIALS AND METHODS
2.1 | Patient data acquisition
The digital image database of the Hospital for Small Animals at the
University of Edinburgh was searched retrospectively for all VFSS per-
formed in dogs between January 2006 (when digital archiving of VFSS
started) and May 2017. Patient signalment data were collected includ-
ing breed, age, and sex. Dogs were classified as brachycephalic or non-
brachycephalic based on breed, and furthermore as Bulldog or non-
Bulldog breed. Other relevant clinical data (final diagnosis, concurrent
diseases or comorbidities, histological diagnosis of an esophageal
biopsy specimen if available, treatments administered, and outcomes)
also were collated for descriptive purposes.
2.2 | Analysis of VFSS
The VFSS were included if the animal was presented with clinical
signs of regurgitation, dysphagia or both, and both the upper and
lower esophageal sphincter (LES) were visible during VFSS. Studies
were excluded if radiographic signs of generalized megaesophagus
were present.
The VFSS all were performed on the same fluoroscopy unit (Apollo
EZ, Villa Sistemi Medicali, Buccinasco, Italy). They were reviewed sepa-
rately by 2 independent examiners: 1 a diagnostic imaging Diplomate
(C.E.) and 1 a trained veterinary rotating intern (R.C.). Investigators were
blinded to the signalment, presenting signs, and clinical outcome of
each case. Objective assessment, based on criteria described in a previ-
ous study,5 was performed on each VFSS. A presumptive diagnosis of
ED was made if the primary peristaltic waves propagated the bolus
<5 cm into the proximal esophagus, if contrast material from >2
swallowed boluses accumulated in a portion of the esophagus causing
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focal dilatation before the stimulation of additional secondary peristaltic
waves or both. The location of any bolus retention was recorded.
A presumptive diagnosis of ED also was made if retrograde esophageal
contractions were identified, if ETT was prolonged, if GER occurred
more than once per swallowed bolus, if HH occurred or some combina-
tion of these. A retrograde esophageal contraction was defined as a
bolus transported orally for ≥10 cm. Esophageal transit time was consid-
ered prolonged if a bolus took >5 seconds to reach the LES from the ini-
tiation of the primary wave. Deviation of the esophagus was recorded
when visible. Lastly, HH was defined as cranial displacement of the
LES beyond the diaphragmatic silhouette and into the thoracic cavity.
All assessments and measurements were performed on a dedicated
reporting station with calibrated liquid crystal display monitors (Mac Pro,
Apple Inc, Cupertino, California) using Digital Imaging and Communica-
tions viewer software (OsiriX v5.8.5 64-bit, Geneva, Switzerland).
Studies first were viewed at a frame rate matched to “real time”
and then were adjusted in terms of pauses and frame rate and
repeated as deemed necessary by the reviewer. Independent of how
many boluses were observed, 1 abnormal feature resulted in classifi-
cation of that parameter as abnormal. Where disagreement occurred
between examiners, studies were reviewed together and discussed to
reach consensus.
2.3 | Statistical analysis
Data distribution was tested for normality using histograms. Compari-
son of data between brachycephalic and mesaticephalic dysphagic
dogs was performed using t tests or Mann-Whitney U tests, according
to normality assessment. Associations between patient signalment
variables and the diagnosis of presumed ED were investigated using
Fisher's exact tests. This statistical test also was utilized to evaluate
associations between each defined fluoroscopic criterion and brachy-
cephaly. Analyses were performed using a commercially available sta-
tistics software package (Minitab 18 Statistical software). A P-value of
<.05 was considered significant.
3 | RESULTS
Thirty-six dogs met the inclusion criteria, including 8 neutered males,
14 intact males, 7 neutered females, and 7 intact females. Breeds
included French Bulldog (n = 11), Boston Terrier (n = 3), English Bulldog
(n = 2), Border Terrier (n = 3), Cocker Spaniel (n = 3), Staffordshire Bull
Terrier (n = 2), Pug (n = 2), English Bull Terrier (n = 2), mixed breeds
(n = 2), and n = 1 of each of the following breeds: Chihuahua, Cavalier
King Charles Spaniel, Maltese, Labrador, Jack Russell Terrier, and Irish
Wolfhound. In total, 22/36 (61%) of these dogs were classified as
brachycephalic breeds, with 13 of these (36% overall) being bulldog
breeds.
All brachycephalic dogs included in the study had clinical signs of
regurgitation which had been ongoing for at least 2 weeks. The non-
brachycephalic dogs had clinical signs of regurgitation and dysphagia
of variable duration, both > and < 2 weeks, and these data were not
consistently available for all dogs. Concurrent clinical signs, apart from
regurgitation and dysphagia, were present in 26/36 (72%) dogs and
included coughing, retching, vomiting, collapse, exercise intolerance,
hypersalivation, nasal discharge, and lip smacking. No dog had been
presented primarily for respiratory signs, but 17 concurrently were
diagnosed with BOAS based on physical examination findings.
All dogs had been fasted for at least 6 hours (most for ≥12 hours)
for the VFSS procedure. All dogs were conscious, and imaging was
performed with the dogs in a standing position with minimal restraint.
In all cases, undiluted liquid barium sulfate was administered by
syringe first, followed by barium mixed with wet food, followed by
barium mixed with kibble (the latter 2 eaten freely from a bowl). Bolus
size and the number of deglutition events were not standardized, but
all studies included at least 4 swallowed boluses. Manual abdominal
pressure was applied only when a HH was not seen. This maneuver
was performed once the stomach was relatively full.
Ten VFSS were classified as normal (27%), whereas 26 (73%) dis-
played features of presumed ED. Overall, the most commonly observed
feature consisted of prolonged ETT (n = 21/26; 80%), followed by inef-
fective secondary peristaltic waves (n = 20/26; 77%) and GER occurring
more than once per swallowed bolus (18/26; 69%; Figure 1). Subjec-
tively, GER in brachycephalic dogs often seemed to occur during entry
of the bolus into the stomach, rather than after entering the stomach.
It occurred spontaneously in both groups. Other findings included a
<5 cm propagation distance of the primary peristaltic wave (n = 6/26;
23%), bolus retention within the cervical region (n = 4/26; 15%),
bolus retention within the thoracic inlet (n = 9/25; 35%) or mid-
thoracic cavity (n = 7/26; 27%), retrograde esophageal contrac-
tions (n = 7/26; 27%), and sliding HH of the abdominal esophagus and
stomach (n = 8/26; 31%; Figure 2). Because of the retrospective nature
of this study, it unfortunately was not possible to determine which dogs
had HH only after abdominal pressure was applied. However, our sub-
jective observation was that applying pressure usually did not result in
the visualization of a hernia.
Twenty dogs with presumed ED were brachycephalic (77%), 12 of
which (60%) were bulldog breeds, and 6 dogs (23%) were non-
brachycephalic breeds. In brachycephalic dysphagic dogs, the most
common VFSS findings were ineffective secondary peristaltic waves
(15/20), prolonged ETT (15/20), and GER occurring more than once
per swallowed bolus (15/20).
All 8 dogs in which HH was observed were brachycephalic. These
included 4 French Bulldogs, 2 Boston Terriers, 1 Chihuahua, and
1 Staffordshire Bull Terrier (Figure 2). Three dogs had a “U-shaped”
deviation of the esophagus at the level of the thoracic inlet consistent
with redundant esophagus (1 English Bulldog, 1 French Bulldog,
and 1 Pug). Two of these dogs had ED and 1 was classified as normal.
In addition, 12 dogs had deviation of the esophagus at the level of the
carina; all of these were brachycephalic, and 2 of them had normal
esophageal motility. This deviation was in the form of a prominent
dorsally directed arc.
Based on Fisher's exact test, brachycephalic dogs were signifi-
cantly more likely to have features of presumed ED compared to
non-brachycephalic dogs in this cohort (P = .005). Despite
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overrepresentation, the bulldog breed was not significantly associated
with these features (P = .06). The median age of brachycephalic
dysphagic dogs was 1.2 years (range, 0.2-10.5 years), whereas the
median age of non-brachycephalic dysphagic dogs was 1.1 years (range,
0.2-7.5 years), which was not significantly different (P = 1.0), and hence
age (<3 years) was not associated with presumed ED (P = .23). No
effect of sex on the likelihood of suffering from presumed ED was iden-
tified (P = .71).
Significant associations were identified between brachycephaly
and prolonged ETT (P = .04), GER (P = .02), and HH (P = .01). Primary
wave features, ineffective secondary waves, and retrograde esopha-
geal contractions were found to be independent of breed group
(P = .37, .09, and .68, respectively).
Fifteen dogs underwent an endoscopic procedure, with biopsy
specimens taken of the esophagus (n = 4), stomach (n = 14), and duo-
denum (n = 14). Esophageal mucosal pathology was identified in 3 of
4 dogs including changes compatible with Barrett's esophagus (n = 1)
in a Boston terrier and chronic active ulcerative esophagitis with sub-
mucosal hemorrhage (n = 1) in an English Bulldog, both of which
displayed features of presumed ED. Esophageal mucosal hyperplasia
was identified in a Border Terrier (n = 1) without features of presumed
ED. Eight dogs had gastritis (lymphofollicular, eosinophilic, or chronic
atrophic) and duodenitis (lymphoplasmacytic or eosinophilic), all of
which were brachycephalic breeds with presumed ED. Three dogs
had gastritis only, all of which were non-brachycephalic, 1 of which
had features of presumed ED, and 2 of which were normal. Three
dogs had duodenitis only, all of which were brachycephalic, 2 of which
had features of presumed ED, and 1 of which was normal.
The underlying causes of presumed ED in the mesaticephalic dogs
included gastritis (n = 4), gastric ulceration (n = 1), and severe esophagitis
caused by reflux under general anesthesia (n = 1). Other final diagnoses
included presumed inflammatory bowel disease (n = 6), pharyngeal dys-
phagia (n = 3), bronchitis (n = 1), and aspiration pneumonia (n = 1). Pre-
sumed ED in all brachycephalic dogs (n = 20) was thought to be a result
of breed-related changes (ie, BOAS), gastritis, or was idiopathic. Concur-
rent conditions in dogs with BOAS included a redundant pyloric mucosal
fold identified on ultrasound examination or endoscopy (n = 3), gastritis
(n = 8), primary esophagitis from GER caused by previous general anes-
thetic (n = 1), LES insufficiency (n = 1), and persistent right aortic arch
with an esophageal diverticulum as a cause for dysphagia (n = 1).
Of the non-brachycephalic dogs with presumed ED, 2 were managed
medically for gastritis and responded well, 1 was treated medically for a
gastric ulcer and responded well, 1 died from complications arising from
aspiration of refluxed material, and 2 were lost to follow-up. Of the
brachycephalic dogs with ED, 15 were managed medically with some
combination of a hypoallergenic diet, omeprazole, sucralfate, cisapride,
and feeding from an elevated position. Of these patients, 7 dogs
improved clinically in terms of the frequency of regurgitation according
to the owner, 4 failed to improve, and 4 were lost to follow-up. Eight
dogs underwent surgery for BOAS as well as medical management. Of
these patients, 7 dogs improved clinically by 4 weeks after surgery,
whereas 1 dog died shortly postoperatively. One dog underwent surgery
for persistent right aortic arch and 1 dog had a gastropexy performed,
with both reported to be clinically improved at the last reevaluation.
4 | DISCUSSION
Brachycephalic dogs, particularly bulldogs, with a final diagnosis of
presumed idiopathic ED were overrepresented in this clinical
F IGURE 1 Sequential fluoroscopic still images of gastroesophageal reflux (GER). A, A slurried barium bolus has just entered the stomach. A
second slurried barium bolus is present within the mid-thoracic esophagus. B, Subsequently, gastric content is refluxed into the distal esophagus
F IGURE 2 Fluoroscopic still image of a hiatal hernia. The red
arrow denotes the gastroesophageal junction (GEJ), which is cranially
displaced into the thoracic cavity
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population of dogs presented for dysphagia, regurgitation, or both.
The most common imaging features of presumed ED were prolonged
ETT, prolonged secondary peristaltic waves, and GER occurring more
than once per swallowed bolus. The latter 2 were significantly associ-
ated with brachycephaly. We also identified a relatively high preva-
lence of HH in brachycephalic dogs with presumed dysmotility, which
has been documented previously.6 In addition, 17/20 (85%) brachyce-
phalic dogs diagnosed with presumed ED were affected concurrently
by BOAS.
Prolonged ETT previously has been reported as a common feature
of ED in dogs with BOAS, where 31 of 36 dogs presented primarily
for the treatment of BOAS had delayed ETT.6 Our study provides
evidence that this imaging feature also is common in a population of
dogs presented primarily for dysphagia, regurgitation, or both. Studies
were performed with the dogs in a standing position with a horizontal
X-ray beam because of the proven effects of recumbent positioning
on ETT.16 Delayed maturation of the esophagus has been suggested
as an underlying cause of delayed transit time in young terrier dogs,
because the esophagus of dogs can continue to mature up to 1 year
of age.5,19 Eleven dogs affected by presumed ED in our study however
were >1 year of age, therefore esophageal maturation would not
account for delayed transit in these older dogs. In addition, a recent
study found no significant difference in swallowing metrics with respect
to age.20 Esophagitis is more likely as the cause of both ineffective sec-
ondary peristalsis and delayed transit in these patients considering the
high frequency of GER. Deglutitive inhibition has been described in
humans and animal models, whereby esophageal motility is inhibited
during active swallowing.21 The same physiological effects may occur in
dogs, therefore future studies could consider assessing primary peristal-
tic waves and measuring ETT when the dog is not actively swallowing
for more accurate evaluation of this parameter. Recent studies in
human patients have identified a significantly lower secondary peristal-
tic response rate in patients with GER disease (GERD) and it seems
likely that this effect also occurs in dogs. Inherently, ineffective second-
ary peristalsis also would contribute to prolonged ETT.22
Gastroesophageal reflux has been reported previously and diag-
nosed by endoscopy in 18/61 dogs presented for BOAS23 and by
fluoroscopy in 27/36 dogs presented for BOAS.6 Our findings are
very similar to those of the previous fluoroscopic study, suggesting
that VFSS has a higher sensitivity for the detection of this abnormality
than does endoscopy. This improved detection rate is clinically impor-
tant because early recognition of reflux allows management to mini-
mize mucosal damage to the esophagus and allows for preventative
measures to be taken against potential postoperative aspiration, a risk
that is already increased in dogs undergoing surgery of the upper air-
way.24 Infrequent GER involving small volumes that are rapidly ret-
urned to the stomach has been reported as a normal feature of
swallowing in the dog.20,25 Pathologic GERD in the dog has yet to be
objectively classified, making its diagnosis on the basis of a fluoro-
scopic study challenging. We deemed GER abnormal when it occurred
more than once per bolus because this feature has not been described
in normal dogs. In humans, GER is considered clinically relevant if the
refluxed ingesta are not returned to the stomach within 2 seconds.
The horizontal orientation of the esophagus in dogs, the substantial
size discrepancies, and variability compared to humans make this refer-
ence parameter of unknown suitability. Further studies in dogs perhaps
could investigate this parameter. In humans, chronic reflux causes
changes in the esophageal squamous epithelium termed hyper-
regeneratory esophagopathy (HRE) which is considered pathognomonic
for GERD.26 It has been reported that 70% of human patients with
GERD had no endoscopically visible lesions.27 The same histopathologi-
cal changes have been found to occur in dogs and, similarly, the major-
ity of dogs with confirmed HRE and clinical signs of GERD had minimal
or no mucosal changes visible on esophagoscopy.28 In our study, only
4 dogs had endoscopic esophageal mucosal biopsies performed because
of gross abnormalities of the mucosa, and the difficulty in obtaining
meaningful esophageal biopsy specimens in this species. Three of these
dogs had histopathological features of inflammation or esophageal
metaplasia, similar to Barrett's esophagus, which typically is secondary
to chronic reflux.29 Esophageal biopsy specimens were not taken in
dogs with a grossly normal esophagus in part because of the difficulties
associated with the biopsy procedure, and it is possible that more dogs
in our study may have been affected by HRE.
In humans, obesity is well established as being correlated with
GERD symptoms.30 Brachycephalic dogs have a smaller airway size
relative to their body weight compared to non-brachycephalic dogs,
creating a similar situation to that of overweight people. A recent
study assessing GERD in anesthetized dogs with BOAS found that
dogs with GERD had significantly higher body weight compared to
those without GERD, but body condition score was not associated
with GERD.31 Further study is warranted to investigate the role of
body weight relative to airway dimensions in the etiology of GER in
brachycephalic dogs.
Hiatal herniation was recognized in 36% of French Bulldogs in our
study population. It also was observed in a Boston Terrier, Chihuahua,
and Staffordshire Bull Terrier, breeds in which this condition has not
previously been reported. In brachycephalic dogs, HH may occur sec-
ondary to abnormally decreased intrathoracic pressure as a result of
increased respiratory effort.17,32-35 The increased transdiaphragmatic
pressure gradient induces an axial separation of the LES from the hia-
tus, thereby weakening the gastroesophageal junction (GEJ) barrier
pressure and allowing HH and possibly GERD to develop.18,36 Once
the GEJ has been pulled into the thoracic cavity, the pressure barrier
is weakened, allowing GER and subsequent esophagitis. This may fur-
ther decrease LES pressure, resulting in a self-perpetuating cycle.
Aerophagia and delayed gastric emptying also could increase intra-
abdominal pressure, which may induce cranial displacement of the
GEJ and hence HH.11 Gastroesophageal reflux disease in the absence
of sliding HH also may occur by a similar mechanism. Our study iden-
tified HH in 40% of the brachycephalic dogs with BOAS. A previous
study reported HH in 76% of brachycephalic dogs with BOAS.6
Potential reasons for this discrepancy include relatively small sample
sizes, differences in referral populations, technical factors, and length
of image capture. Studies that used endoscopy to diagnose HH in
dogs with BOAS identified a prevalence of only 5%-6%.11,23 Endos-
copy may fail to diagnose some cases of GER because of the effects
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of anesthesia.37 Therefore, it is likely that these endoscopic studies
have underestimated the prevalence of this condition in brachyce-
phalic breeds. Fluoroscopy is a more sensitive technique that is more
physiologically representative and does not require anesthesia.
Manual application of abdominal pressure to aid in the recognition
of an HH is used in humans and has been reported in the veterinary
literature.6,38 In our study, many dogs would hold their breath and
tense their abdominal wall when pressure was applied, rendering this
technique unhelpful, similar to what was observed in a previous
study.6
Association and correlation between BOAS and GI disease have
been identified previously.18,23 This correlation could explain the
reported improvement of GI signs after surgical correction of BOAS.23
Seven of 8 dogs (88%) in our study showed clinical improvement in
the frequency and severity of dysphagia, regurgitation or both after
upper respiratory tract surgery with concurrent medical management,
and 7/15 dogs (47%) treated by medical management alone clinically
improved. Similarly, a previous study found improvement in GI signs
after upper respiratory tract surgery and medical management of GI
signs in 91.4% of cases.23 These results support the role of increased
transdiaphragmatic pressure in the etiology of pathological reflux and
HH. Surgical management of HH and GER in dogs using hiatal plica-
tion, esophagopexy, and gastropexy has been described, with variable
outcomes and persistent GER and sliding HH postoperatively in some
patients.39 Airway surgery therefore could be more effective in resolv-
ing these conditions because it targets the cause rather than the clinical
signs. Further exploration is warranted in a larger population of dogs
with BOAS monitored postoperatively.
A major limiting factor for our study was the lack of robust quanti-
tative and qualitative esophageal swallowing parameters in brachyce-
phalic dogs to which our study population could be compared. Some
standardized swallowing metrics, including ETT, retrograde flow, and
GER have recently been described, but all brachycephalic breeds were
excluded from that study.20 Without a clear basis for what denotes
normal swallowing function in brachycephalic dogs, it is impossible
at this time to accurately and quantitatively define ED. A large-
scale study of brachycephalic dogs without clinical signs, ideally
coupled with esophageal manometry, would be required to define
normal esophageal function in these breeds. Exposing personnel to
radiation for the sake of obtaining swallow studies from clinically
healthy dogs, however, is not warranted ethically. The criteria
described in our study were adopted from the limited available lit-
erature.5,20,25 Despite this hindrance to interpretation, we believe
it is important to report the current findings in order to share infor-
mation with the veterinary community regarding a thus far poorly
described disorder.
All VFSSs were reviewed by 2 observers, adhering to recently
published protocols to increase objective interpretation but there
remains a substantial amount of subjectivity in assessment. There was
some difficulty in interpretation of herniation and reflux versus reflux
alone in some dogs because of image quality and patient movement.
Importantly, HH and GER occur intermittently, and may not occur
during the acquisition of a VFSS. For this reason, it is possible that
some dogs classified as normal in our study may in fact be affected by
HH, GER, or both but our study did not capture these processes
occurring. The methodology used in our study was non-standardized
in terms of contrast liquidity, bolus size, total number of boluses
followed, duration of the study, and manual application of abdominal
pressure. Magnification also was not taken into account, which inevi-
tably would produce some measurement error. We suggest a more
standardized approach for future studies.
5 | CONCLUSION
Our study confirmed the clinical suspicion of a high prevalence of pre-
sumed ED in young brachycephalic dogs presented for dysphagia,
regurgitation, or both. Typical findings included prolonged ETT, inef-
fective secondary peristaltic waves, and GER occurring more than
once per swallowed bolus. Although further prospective and more
standardized studies are needed, clinicians should be alert to this high
prevalence and its association with BOAS. Videofluoroscopic barium
swallow studies remain the gold standard for detection of ED. Surgical
management of BOAS may be an effective treatment for ED in
brachycephalic dogs, and further research on clinical outcomes post-
surgery will provide information on the prognosis of this condition.
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